In addition, in caged birds, adrenal corticoids and prolactin synergize in several temporal patterns to induce nocturnal locomotor restlessness, an index of migratory activity (Meier 1969; Meier and Martin 1971). Accordingly, we performed several experiments to test whether the temporal patterns of hormones that produce the physiological conditions similar to those found during the spring and fall migratory periods might also regulate the orientation of these birds in a predictable manner. A portion of this study was reported at the symposium of the International Society for the Study of Biological Rhythms held at Little Rock, Arkansas, in November 1971.
MATERIALS AND METHODS
White-throated Sparrows were collected with mist nets from wintering flocks near Baton Rouge, Louisiana. They were maintained outdoors initially in screened aviaries and later brought indoors for experimental treatment. Indoors the birds were housed (2-3 per cage) in metal wire cages (23 x 36 x 28 cm) and the temperature was maintained at 25 2 4°C. During captivity, the birds were supplied with an abundant amount of cracked corn and poultry grower crumbles. In Experiments 1, 2, and 3, Emlen' s "footprint technique" was employed to record orientational tendencies (Emlen and Emlen 1966 ). The orientation cage was composed of a cone of white blotting paper with the smaller end (6 inches diameter) set in an aluminum pan. A thin cellulose sponge, moistened with black printer' s ink, was set in the aluminum pan within the cone. The top of the paper cone was capped by a flat piece of I/-inch hardware cloth. The activity of a bird was indicated by ink smudges on the sloping sides of the cage. The greatest density of ink occurs in the section of the cone that lies in the direction of the The tests were performed on clear nights. The principal glow of the city was to the north; the test site was on the southern edge of Baton Rouge.
In order to present and analyze the data in a quantitative manner, each cone was divided into eight sectors of 45 degrees each, and each sector was given a value based on the intensity of ink smudges compared to a standard with values ranging from 1 to 20 (see Emlen and Emlen 1966).
The larger values represented greater intensities of ink smudges. Thus, the higher relative values indicate the directions of the intended movements of the birds.
In Experiment 4, orientation was determined with a modification of the activity-orientational cage first used by Kramer ( 1957). In our cages, the floor consisted of eight movable sections of hardware cloth anchored at the center of the cage and slanted so as to rest on individual microswitches.
Each microswitch was connected to a recording pen of an Esterline-Angus event recorder. When the bird' s weight depressed a floor section, the microswitch was activated and the disturbance was recorded. Another group (Group E ) consisted of untreated birds held indoors with the experimental birds. A third control group (Group F) was injected with prolactin 12 hr after injections of physiological saline given in place of corticosterone. There were three birds in each group. Because most daily rhythms adjust to a change in photoperiodic regimen within one week, we provided 10 days of hormone treatment before testing for orientation. The orientation was tested between 21:00 and 24:00 on 11, 12, and 13 March 1971. Experiment 2. This experiment was performed during the vernal migratory season in May and involved four of the same groups of birds that were used in Experiment 1. The experimental treatment was changed among the groups so that the group which received prolactin injections 4 hr after the administration of corticosterone in the first test was given prolactin at 12 hr after the injection time of corticosterone (08:OO) in the second test. Similarly, those birds that received prolactin 12 hr after corticosterone in the first test were injected with prolactin 4 hr after the injection time of corticosterone in the second test. The two remaining control groups were identical to those (Groups D and F) used in Experiment 1. There were three birds in each group. Lighting, orientation apparatus, hormonal dosages, and feeding were the same as in Experiment 1. The injections were initiated on 2 May, and the orientation was tested between 21:00 and 24~06 on 8, 9, and 10 May 1971.
Experiment 3 The results of all the experiments were subjected to an analysis of variance test for variable activity or for dependent variable activity when the experiment contained groups having unequal numbers. Direction   11  12  13  11  12  13  11  12  13  11  12  13  11  12  13  11  12 Following 11 days of hormone treatment, the activity and orientation of the birds were tested between 21:00 and 24:00 on 11, 12, and 13 March (table 1). There was little or no nocturnal activity in birds that were maintained in outdoor aviaries (Group D). Of the birds kept indoors, only those injected with prolactin at 4 (Group A) or 12 (Group C) hr after the time of corticosterone injections exhibited nocturnal activity when tested in activity cages or orientation cages. However, the orientation of the 4-and 12-hr groups were very different from one another (P < 0.01). The activity was oriented in a north-northeast direction in the 12-hr group (Group C) and in a south-southwest direction in the 4-hr group (Group A). Although the moon has often been cited as causing interference in the orientation of caged birds, most of the birds tested in this experiment did not appear to be affected even though the tests were performed on the 3 nights following full moon and the moon was visible to the birds at least during a portion of the test periods. One bird of Group A exhibited intense activity in a narrow sector to the southwest which appeared to be lunar taxis. Experiment 2. In early May, the birds that were maintained in an outdoor aviary were fat, and the nocturnal activity was intense and oriented in a north-northeast direction (table  2) . Following a week of hormone or control injections, the activity and orientation of the birds maintained indoors were tested between 21:00 and 24:00 on 8, 9, and 10 May. As in Experiment 1, injections of prolactin 4 hr after the time of corticosterone injections (Group A) induced nocturnal restlessness oriented to the south-southwest, whereas injections of prolactin administered 12 hr after the time of corticosterone injections (Group B) induced nocturnal activity oriented to the north-northeast. The vector means of Groups A and B are statistically different (P < 0.01). Although the combined activities of Group A were oriented southward on all 3 nights, the orientation of one of the birds was random. Injections of prolactin at 12 hr after injections of saline in place of corticosterone (Group C) were ineffective in inducing significant amounts of nocturnal activity. In addition, this treatment (Group C) did not elicit fattening whereas injections of prolactin at 4 or 12 hr after corticosterone injections (Groups A and B) did produce heavy fat stores as well as intense nocturnal activity. There was no evidence of lunar taxis in any of the tests. The moon was visible during portions of the test periods. Full moon occurred on 10 May. Experiment 3. Noticeable increases in fat stores occurred only in the groups that received prolactin at 4 (Group A) or at 12 (Group C) hr after injections of corticosterone. The fat stores appeared to be greater in Group C than in Group A.
RESULTS
Only the groups treated with prolactin at 4 (Group A) or at 12 (Group C) hr after injections of corticosterone exhibited significant amounts of activity in the orientation cones (table 3). The orientation was to the south-southeast in Group A and to the north in Group C. The differences in direction are statistically significant (P < 0.01). The moon was not visible to any of the birds during these tests. The third quarter was on 8 March.
Experiment 4. In the first three experiments, daily rhythms of corticosterone and prolactin were simulated in birds kept in continuous dim light by injecting both hormones in various temporal relations. Because daily rhythms of endogenous adrenal corticoids are present in the White-throated Sparrow on natural photoperiods (Dusseau and Meier 1971), and because the corticoid rhythms are entrained by the photoperiod, we decided to test whether injections of prolactin alone might synergize temporally with a daily rhythm of endogenous corticosterone and induce oriented nocturnal activity in birds maintained on a 16-hr daily photoperiod. Both fattening (Meier and Davis 1967) and nocturnal activity (Meier 1969) have been induced in White-throated Sparrows by daily injections of prolactin alone administered at specific times of day. The principal objective of the present experiment was to determine whether northward orientation could be induced by prolactin in birds exposed to a fall sky. Because northward orientation in birds under a spring sky was induced by injections of prolactin at 12 hr after the time of corticosterone injections, an attempt was made to produce a comparable interval between the daily increase in plasma concentration of corticosterone and the daily injection of prolactin.
Consequently, one group of birds maintained on a 16-hr photoperiod (04:00-20:00) was injected at 09:OO and two others were injected at 4 hr before or 4 hr afterward. The daily increase in plasma concentration of corticosterone is believed to occur during the first few hours after the onset of dark (see Materials and Methods). Thus, we estimated that the daily increase in plasma corticosterone would probably occur at about 21:00 under the conditions of the present experiment.
White-throated Sparrows that are retained in outdoor holding aviaries on the southern wintering area are subjected to shorter photoperiods during the summer compared to those experienced by feral birds on the northern breeding areas, and the sequence of seasonal events is delayed (Meier et al. 1969) . The appearance of the fall migratory condition appears to have been delayed by a little more than a month in the present experiment. The birds maintained outdoors were lean and exhibited no nocturnal restlessness when tested in early November. They became fat during November and exhibited nocturnal restlessness oriented to the south-southwest when tested later in the month (table 4).
All the untreated birds maintained indoors on a 16-hr daily photoperiod were also lean and exhibited no nocturnal restlessness in late October and early November (table 4). The responses of the groups treated with prolactin varied depending on the time of injection. The group that received prolactin at 09:OO was most responsive. After 2 weeks of daily injections, the birds were heavy with fat stores, there was some cloaca1 protuberance (evidence of gonadal activity), and all the birds were especially active at night with their peak of activity around midnight. In addition, the nocturnal activity was oriented predominantly northward. The group that was injected with prolactin at 13:00 (Group C) also responded to the treatment but not so well as the group treated at 09:OO. There was no cloaca1 protuberance and variable amounts of fattening. Two of the heavier birds exhibited moderate to intense nocturnal activity that was oriented northward. Light nocturnal activity oriented northward was found in another bird. Two birds were apparently unaffected by the hormonal treatment. The group injected with prolactin at OS:00 (Group A) was completely unresponsive with respect to cloaca1 protuberance, fat stores, and nocturnal activity. Another relation in which prolactin injections are given 4 hr after injections of corticosterone induces conditions found during the fall migratory period: heavy fat stores and nocturnal restlessness directed southward. Injections of prolactin administered 8 hr after injections of corticosterone or after the prob-
